Pleural infection is a frequent clinical condition. Prompt treatment has been shown to reduce hospital costs, morbidity and mortality. Recent advances in treatment have been variably implemented in clinical practice. This statement reviews the latest developments and concepts to improve clinical management and stimulate further research. The European Association for Cardio-Thoracic Surgery (EACTS) Thoracic Domain and the EACTS Pleural Diseases Working Group established a team of thoracic surgeons to produce a comprehensive review of available scientific evidence with the aim to cover all aspects of surgical practice related to its treatment, in particular focusing on: surgical treatment of empyema in adults; surgical treatment of empyema in children; and surgical treatment of post-pneumonectomy empyema (PPE). In the management of Stage 1 empyema, prompt pleural space chest tube drainage is required. In patients with Stage 2 or 3 empyema who are fit enough to undergo an operative procedure, there is a demonstrated benefit of surgical debridement or decortication [possibly by video-assisted thoracoscopic surgery (VATS)] over tube thoracostomy alone in terms of treatment success and reduction in hospital stay. In children, a primary operative approach is an effective management strategy, associated with a lower mortality rate and a reduction of tube thoracostomy duration, length of antibiotic therapy, reintervention rate and hospital stay. Intrapleural fibrinolytic therapy is a reasonable alternative to primary operative management. Uncomplicated PPE [without bronchopleural fistula (BPF)] can be effectively managed with minimally invasive techniques, including fenestration, pleural space irrigation and VATS debridement. PPE associated with BPF can be effectively managed with individualized open surgical techniques, including direct repair, myoplastic and thoracoplastic techniques. Intrathoracic vacuum-assisted closure may be considered as an adjunct to the standard treatment. The current literature cements the role of VATS in the management of pleural empyema, even if the choice of surgical approach relies on the individual surgeon's preference.
INTRODUCTION
Pleural infection is a frequent clinical condition with an approximate annual incidence of 80 000 cases in the UK and USA combined [1] . Of these, 20% may require surgical intervention, and prompt treatment has been shown to reduce hospital costs, morbidity and mortality [2] . The Pleural Disease Guideline Group of the British Thoracic Society (BTS) published in 2010 a comprehensive guideline document for the medical management of pleural infection [3] , with the aim to cover all aspects of surgical practice related to the treatment of pleural empyema. It is the aim of the European Association for Cardio-Thoracic Surgery (EACTS) to assess the topics of pleural empyema focusing on surgical treatment of empyema in adults and in children, and on surgical treatment of post-pneumonectomy empyema (PPE).
the surgical treatment of pleural empyema. A statement is considered a comprehensive scientific review by a group of experts, which is based on a body of scientific evidence identified by systematic searches and documented by references supporting the conclusions. Initially, a set of key clinical questions was formulated on the epidemiology, diagnosis and classification of empyema, and also on (i) surgical treatment of empyema in adults, (ii) surgical treatment of empyema in children and (iii) surgical treatment of PPE. To obtain a body of scientific evidence, a systematic literature search was performed on medical databases Medline/ PUBMED (National Library of Medicine, USA), EMBASE (Elsevier, Netherlands) and Cochrane Library (UK) [4, 5] .
The initial search was performed in January 2013 and repeated in September 2014. The search was limited to reference material published since 1975 ( Table 1) .
Levels of evidence are derived from published papers ( Table 2 ) and recommendations classed by the strength of their recommendation (Table 3) .
The preliminary document was circulated among all the involved members for further input and comments. A final version was then revised to incorporate all the pertinent comments suggested and submitted to the EACTS Thoracic domain and the Working Group on Pleural Diseases for further input and implementation. The final revised version of the document was reviewed by the authors, finalized, approved and submitted to the EACTS Thoracic Domain during the Annual Meeting in Milan, Italy, 11-15 October 2014, for endorsement. After endorsement, the paper was submitted to the Clinical Guidelines Committee for formal evaluation and after final approval submitted to the European Journal of Cardio-Thoracic Surgery (EJCTS) for peer review. This statement describes the current evidence and practices for pleural empyema.
It does not make recommendations for clinical practice.
DEFINITIONS OF PARAPNEUMONIC EFFUSION AND EMPYEMA
The development of empyema in association with pneumonia is a progressive process and has been classified [3] into three stages as follows:
(1) Parapneumonic effusion (Stage 1), whereby the fluid is a freeflowing exudate characterized by a low white cell count, an LDH level less than half that in the serum, normal pH and glucose levels and does not contain bacterial organisms. (2) Fibrinopurulent stage (Stage 2), whereby there is bacterial invasion across the damaged lung epithelium, and this stimulates the immune response, creating fibrin deposition and loculations in the fluid. At this stage, fluid analysis may identify the characteristic finding of a pH <7.20, glucose <2.2 mmol/l and LDH over 1000 IU/l. Without pus, this may be termed a complicated parapneumonic effusion, but if frank pus is found, then this is most correctly called an empyema. (3) Chronic organizing stage (Stage 3), with scar tissue ( pleural cortex) formation. In the later stages, a solid fibrous pleural cortex begins to form, which may encase the lung, preventing re-expansion, impairing lung function and creating a persistent pleural space with continuing potential for infection.
STAGING INVESTIGATIONS
A staging assessment, based mainly on the start of symptoms, is not an easy task in some cases. Chest X-ray, ultrasound (US), and computed tomographic (CT) scan are all required and considered the mainstay imaging modalities for effusion [3] . The last decade has seen a significant trend worldwide to employ thoracic US at the bedside to assess for the presence of effusions, especially in the context of pleural infection.
Pleural ultrasound
Pleural US is fast, safe and effective in confirming the presence of pleural fluid and estimating its volume, can differentiate between REPORT pleural fluid and thickening, and aids thoracocentesis in localizing the optimal site for diagnostic and therapeutic intervention in real time. The use of real-time pleural US by trained operators has been shown to improve the safety of sampling effusions, with reductions in iatrogenic pneumothoraces [3] . It has been currently incorporated into diagnostic algorithms in major centres, it is sensitive in detecting small volumes of fluid and loculations often not evident on CT, and is rapidly being considered as an extension of the clinical examination and a core skill.
Computed tomography
On the other hand, contrast-enhanced thoracic CT-scan images are commonly able to detect and assess concomitant pneumonia and is the imaging investigation of choice. Thoracic CT allows not only assessment of the pleura itself, but also chest tube position if existing, the presence and degree of loculations, any parenchymal changes, endobronchial lesions and differentiation of lung abscess from empyema. Mostly, CT scan is crucial in the evaluation of pleural thickening (nodular, mediastinal pleural thickening suggesting underlying malignancy, circumferential pleural thickening), can display both visceral and parietal pleural thickening >1 cm and, in this sense, is fundamental for planning management strategy according to the expected stage of the empyema (trapped lung with very fibrotic visceral pleural peel or loculated early stage empyema). Anyway, we did not find CT helpful in predicting the success of video-assisted thoracoscopic surgical (VATS) decortication [3] .
Bronchoscopy
The role of bronchoscopy in patients with empyema has not been addressed specifically by any studies. It is usually performed at the time of surgery, but only a small number of cases have obstructing lesions predisposing to empyema (i.e. tumour or inhaled foreign body). Bronchoscopy is particularly recommended where there is a mass or volume loss on imaging; nevertheless, sputum removal prior to decortication will facilitate lung re-expansion.
THE SURGICAL TREATMENT OF ADULT EMPYEMA

Thoracocentesis
All patients with a pleural effusion in association with sepsis or a pneumonic illness require a prompt diagnostic pleural fluid sampling, because any effusion identified on chest X-ray could possibly turn into a pleural infection, and it is impossible clinically to differentiate the presence of a complicated parapneumonic effusion requiring chest tube drainage from a simple effusion that may resolve with antibiotics alone [3] . The role of therapeutic-repeated thoracentesis as an alternative to formal chest drain placement or an early VATS procedure in order to prevent 'empyema stage migration' in uncomplicated parapneumonic effusion and early empyema is unknown. Therapeutic thoracentesis and antibiotics alone have demonstrated to be successful in one study [3] , but thoracocentesis has not yet been compared with formal drainage in randomized controlled trials and, currently, the evidence suggests its use as a preoperative crucial diagnostic tool rather than in influencing surgical management.
Tube thoracostomy
Historically, early stage empyema was managed with tube thoracostomy with more advanced stages requiring open thoracotomy and decortication. The current BTS guidelines recommend tube thoracostomy and antibiotics for the treatment of early stage empyema, with surgical intervention reserved for failure of these initial measures in the presence of persistent pleural collection. The introduction of VATS added new therapeutic techniques to the armament of surgical strategies, with many surgeons preferring the VATS approach for the management of empyema. Currently, there is no consensus on which surgical option is first line. A literature search was performed to investigate whether VATS decortication is superior to either decortication via thoracotomy or simple tube thoracostomy. This search is fully documented in the Interactive CardioVascular and Thoracic Surgery Journal (ICVTS) [6] and the results tabulated in Table 3 . The majority of data from surgical series address the management of Stage 2 and 3 empyema.
Summary. In the management of Stage 1 empyema, we are in agreement with the recommendation of the BTS guideline; patients with frankly purulent or turbid/cloudy pleural fluid on sampling should receive prompt pleural space chest tube drainage. The efficacy of drainage is assessed by a complete lung expansion and a resolution of symptoms [3] .
In the management of Stage 2 and 3 empyema, there is a demonstrated benefit of surgical debridement or decortication over tube thoracostomy alone in terms of treatment success and reduction in hospital stay [6] [7] [8] (Fig. 1 , Table 4 ).
Intrapleural fibrinolysis
The use of intrapleural fibrinolytics via tube thoracostomy has gained recent interest among the thoracic surgical community. The introduction of fibrinolytic agents into the pleural space is thought to cleave fibrous septations and improve the drainage of fibrinopurulent empyema. Although a number of observational studies report an improved drainage with fibrinolytic use [29] [30] [31] [32] [33] [34] , the first large multicentre trial (Multicenter Intra-pleural Sepsis Trial, MIST1 [35] ) reported no benefit of intrapleural fibrinolysis (with streptokinase) and this finding was further validated by a meta-analysis [36] . However, the MIST2 trial [37] found that a combination of tissue plasminogen activator (t-PA) and DNase improved fluid drainage and reduced the frequency of surgical referral and duration of hospital stay. Although the MIST2 trial confirmed a role for intrapleural fibrinolysis, debate still exists regarding its efficacy when compared with primary VATS in the management of fibrinopurulent empyema. A randomized trial [38] comparing tube thoracostomy with streptokinase (n = 9) with VATS (n = 11) found that primary intervention with VATS resulted in higher treatment success (91 vs 44%), lower chest tube duration (5.8 vs 9.8 days) and decreased total hospital stay (8.7 vs 12.8 days), and this was further demonstrated by observational studies by Petrakis et al. [39] and Muhammed et al. [9] .
Summary. Currently, the specific role of intrapleural fibrinolysis is yet to be defined; however, due to the favourable outcomes of VATS, it may well be reserved for those patients unsuitable for surgical intervention and single lung ventilation ( Fig. 1 , Table 4 ).
Video-assisted thoracoscopic surgery
The goals of surgery for empyema are: (i) to debride the pleural cavity and (ii) to achieve lung re-expansion.
Debridement of the pleural cavity comprises drainage of all fluid, breaking of all loculations and removal of all the pleural exudate. Decortication entails thorough removal of the restrictive cortex of fibrous and infected tissue overlying the visceral pleura to allow the lung to re-expand.
The method of approach by which these goals are achieved remains controversial and while some surgeons advocate VATS, others strongly favour an open approach. Studies reporting outcomes for a mixed population of Stage 2/3 empyema report at least equivalent outcomes in terms of resolution of disease for VATS when compared with open surgery [10] [11] [12] [13] [14] [15] , and many authors report additional benefits of a minimally invasive approach including a reduction in operative time [9] , postoperative pain, duration of chest tube [13, 16] and length of hospital stay [9, [13] [14] [15] . Other potential benefits include greater satisfaction with postoperative wound appearance [11, 14] and an earlier return to work. It must be acknowledged that non-randomized studies may introduce selection bias, possibly attributing technically more challenging procedures to an open approach.
The need for intraoperative conversion from VATS to thoracotomy correlates with the stage of disease and time from symptom onset [17] . Higher conversion rates are also associated with male gender, post-pneumonic empyema and gram-negative organisms [18] . Lardinois et al. reported that the probability of conversion to thoracotomy rose from 22 to 86% between an interval of 12 and 16 days, respectively [18] .
In the management of Stage 3 disease, VATS has been shown to be as effective as open decortication in a significant proportion of patients [17, 19, 20] with the associated benefits of a minimally invasive approach. There is, however, the caveat of a high conversion rate to open decortication, with some series reporting conversion rates above 40% [20] . Decortication of Stage 3 empyema via VATS requires a significant learning curve and success with VATS correlates with operative experience and skill [20] . Interestingly, Kho et al. [40] recently published a study comparing debridement and formal decortication. Sixteen patients underwent debridement by a limited thoracotomy and 9 decortication via full thoracotomy. There was a 30% reduction in cavity size on discharge in both groups and equivalent results at the 45-day follow-up. It is therefore reasonable to consider a primary VATS approach in both Stage 2 and Stage 3 empyema in patients who are fit for surgery.
REPORT
Early surgical referral is advised for successful VATS and the delay in surgical intervention has been shown to have an impact on empyema stage migration. Several authors have documented that time of referral is the most common and independent factor affecting rate of conversion from VATS to open thoracotomy [10, 18, 22, 23, 24 17] . One study demonstrated that the probability of thoracotomy increased from 28% if the operation was performed within 10 days from the onset of symptoms to 81% if it was performed with a delay of between 30 and 40 days [25] .
Summary. In summary, the current literature cements the role of VATS in the management of pleural empyema. While there is significant heterogeneity between studies, with discrepancies in the definition of debridement/decortication, stage and aetiology of empyema, all studies demonstrate successful management with VATS [25] [26] [27] [28] [41] [42] [43] [44] Many reports suggest additional benefits over open surgery or tube thoracostomy with or without fibrinolytic agents. Ultimately, the choice of surgical approach relies on the individual surgeon's preference, with many advocates of open decortication stating completeness of decortication as their motivation. In conclusion, there is nothing to be lost in attempting VATS in all cases, provided that conversion to open thoracotomy is performed if resolution of the empyema and lung expansion is not adequately achieved (Fig. 1, Table 4 ).
Thoracotomy
The exact placement of the open incision can be planned from preoperatively especially in the presence of a loculated empyema. Open surgery should include evacuation of all purulent material and thorough decortication of the parietal and visceral pleura together with complete separation of the diaphragm from the lung. Attention should be directed to the complete enucleation of the infected sac: 'empyemectomy'. This is best achieved through extra-pleural dissection and is a safe and time-saving procedure.
Empyemectomy is difficult to achieve by VATS; nevertheless, in the light of the great majority of the works in the recent literature, the minimally invasive approach could represent the treatment of choice for pleural empyema.
Tuberculosis (TB)-related empyema remains an area in which there is no level A evidence to guide practice; suggested indications include cancer, destroyed lung, haemoptysis, multidrug-resistant TB, pleural disease and aspergilloma [45] . More recently, larger series (1297 operative cases) with promising results (1.37% early and 2.83% late mortality after the exclusion of window thoracostomy) have provided more compelling evidence for the incorporation of surgical treatment into practice guidelines and recommendations [46] .
Summary. In summary, the current literature supports the use of VATS as the initial step at least for exploration and evacuation of necrotic material from the cavity (debridement). Visceral decortication and 'empyemectomy' can be technically demanding and even in the presence of a reported high success rate for VATS (from 68 to 93%), there should be increased awareness of its limitations in patients with a symptomatic history over 5 weeks ( presumed Stage III) (Fig. 1, Table 1 ).
EMPYEMA IN CHILDREN
In the management of empyema in the paediatric population, the optimal first-line therapeutic strategy remains controversial. A best evidence topic was performed to investigate whether VATS decortication is superior to either decortication via thoracotomy or simple tube thoracostomy [47] . The literature search failed to show definitive significant advantages of surgery over conservative chest tube drainage.
On the basis of the reported studies, we concluded that early VATS (or thoracotomy if VATS is not possible) leads to shorter hospitalization [47] . Streptococcus pneumoniae remains one of the most common causative organisms of empyema, particularly in the developed world and especially so in children [48] . The current management guidelines, as published by the British Thoracic Society [3] , reserve surgical intervention as an adjunct to antibiotic therapy either when maximal antibiotic therapy has not been sufficient or when there is some associated lung pathology, related complications or sepsis. Currently, there is no definitive evidence to suggest that early surgical management may be indicated based purely on the causative pathogen.
The argument for primary surgery
A systematic review of 44 retrospective studies involving 1369 patients concluded that early VATS or thoracotomy was associated with a shorter hospital stay and a trend towards shorter duration of postoperative fever when compared with tube thoracostomy alone or in combination with fibrinolytic therapy [49] . The benefit of primary operative therapy was echoed by a meta-analysis of 67 studies, which concluded that primary operative intervention is associated with a lower in-patient mortality, reintervention rate, hospital stay, duration of tube thoracostomy and duration of antibiotic therapy when compared with non-operative management [50] . Subsequently, a number of retrospective studies have further described the benefits of primary surgical intervention. It should be noted that, in children, tube thoracostomy may require sedation or even anaesthesia. Therefore, VATS should be considered if the patient is so prepared [51] [52] [53] [54] [55] [56] .
The argument for primary non-operative treatment
However, contrasting retrospective series have reported successful outcomes with primary non-operative management [57] [58] [59] and a subsequent review of the literature concluded that the main steps in treatment are percutaneous drainage with consideration of fibrinolysis, with VATS reserved for failure of initially non-operative management [60] . Three randomized control trials compared VATS with chest drainage with fibrinolytics and found no significant difference in outcomes in two of the three trials [61] . Sonnappa et al. [62] and St Peter et al. [63] used small (8) (9) (10) (11) (12) French) chest drains with routine administration of fibrinolytics, whereas Kurt et al. [64] used larger chest drains (16-24 French) and REPORT administered fibrinolytics as a rescue therapy based on imaging and drainage. The study by Kurt et al. was stopped early owing to an observed benefit in the mean hospital stay (5.8 ± 2.8 vs 13.2 ± 7.2 days, P < 0.01) with VATS. Hospital stays were equivalent between VATS and chest drain with fibrinolytics in the other two studies (St Peter: 6.9 ± 3.7 vs 6.8 ± 2.9 days; Sonnappa: 6 vs 6 days, respectively). St Peter later reported successful implementation of an evidencebased protocol using fibrinolysis as the first-line treatment for empyema in children; 16 of 102 patients required subsequent VATS [59] . Proponents of VATS suggest that VATS may reduce cytokine responses compared with conventional surgery [40] .
Summary
In conclusion, the current evidence suggests the primary operative management with VATS is a safe and effective method of treating empyema in children; however, non-operative management with tube thoracostomy and fibrinolytics has been shown to be equally successful in some populations. It is therefore reasonable to manage patients with either treatment strategy based upon local expertise and success rates.
The role of VATS as 'primary surgical treatment' as the first-line approach for empyema in paediatric patients remains unclear. Although the few randomized trials in paediatric patients failed to show definitive significant advantages of surgery over conservative chest tube drainage, one might argue that, in the vast majority of paediatric conditions, tube thoracostomy could require sedation or even general anaesthesia for proper insertion and intrapleural agent therapy. In this regard, VATS seems a reasonable alternative and patients may be more likely to fail rescue VATS treatment following fibrinolytic agents, as it is suggested that urokinase causes intrapleural loculations to become very adhesive and increases the difficulty of a subsequent VATS procedure [49] (Fig. 2, Table 5 ).
POST-PNEUMONECTOMY EMPYEMA
A best evidence topic was performed to investigate the best treatment for PPE [65] . A literature search showed that an open surgical approach has a high success rate, low hospital stay and low reintervention rate despite its use in arguably more challenging (Fig. 3) . The management of PPE ranges from minimally invasive surgical techniques such as VATS debridement to fenestration to extensive open procedures involving myoplastic and thoracoplastic techniques. Operative approach is largely guided by the presence or absence of a bronchopleural fistula (BPF), which requires more aggressive surgical intervention. A BPF is found in >80% of patients [65] . The surgical principles include control of pleural space infection by drainage, debridement or by space obliteration and-in case of a fistula-closure of the BPF with a vascularized flap. Control of pleural space infection has been achieved by different techniques, such as pleural drainage lavage, thoracotomy and removal of necrotic tissue associated with open pleural packing for many weeks followed by obliteration of the empyema space with antibiotic fluid or muscle, or pleural space irrigation followed by obliteration of the pleural space with an antibiotic solution [65] . Published series of PPE often report a mixed cohort of patients with or without fistulae, with many institutional reviews involving the sequential use of interventions according to local practice. This heterogeneity of the existing literature makes detailed comparison of interventions challenging [65] .
Thoracostomy and open debridement
In 1979, Goldstraw [66] reported a series of PPEs managed by fenestration, based on previous techniques described by Eloesser [67] and Clagett and Geraci [68] . Fenestration was performed under general anaesthesia, opening the middle third of the previous thoracotomy wound and removing 6-8 cm of the underlying rib and up to three of the adjacent ribs; the skin edges where then sutured to the parietal pleura to create a skin-lined fenestra. The success rate of this series was 77% in keeping with earlier reports detailing fenestration for PPE [68] [69] [70] . Further series have confirmed the high success rate (81%); however, they have also highlighted a high morbidity (55%) and mortality (7.1%) associated with the procedure [71] and demonstrated a benefit of early intervention [72] . Goldstraw and colleagues later reported a second series detailing the management of simple PPE with rib resection, tube thoracostomy and irrigation with good success rates,
Video-assisted thoracoscopic surgical debridement
Over the past decade, the new techniques have been introduced for the management of PPE with the continuing aim of reducing the associated morbidity and mortality. VATS debridement has been shown to be effective in the management of PPE (in the absence of BPF or in the presence of microfistula) with good success rates and low associated morbidity or mortality [73, 74] .
Thoracoplasty
Thoracoplasty is rarely indicated nowadays, but this does not imply that the procedure should be avoided, especially as less extensive thoracoplastic procedures are possible. Complete space obliteration may be achieved by combining a thoracoplasty confined to a few rib segments and intrathoracic-restricted muscle flap transposition. The disadvantages of thoracoplasty are progressive scoliosis, chronic postoperative pain and 'mutilating' cosmetic appearance.
Vacuum-assisted closure
A search for evidence was performed to investigate whether vacuum-assisted closure (VAC) therapy could increase the speed of recovery in patients with an open wound after lung resection. This search is fully documented in the ICVTS [75] . All papers were retrospective and included a total of 69 patients treated with intrathoracic VAC. The technique involves the packing of the intrathoracic cavity with polyurethane foam (the mediastinum and the bronchus can be covered using polyvinyl alcohol foam) and application of a negative pressure of −25 to −75 mmHg, which is adjusted depending on the presence or absence of signs of mediastinal traction. The pressure can be gradually decreased to −125 mmHg over time, with regular VAC changes every 2-5 days. One cohort study reported a significantly shorter duration of open window thoracostomy in those managed with VAC (39 ± 17 days) compared with those managed without VAC (933 ± 1422 days) [74] . A second study reported the median length of VAC treatment as 22 days (range 6-66 days) [76] . Interestingly, Groetzner et al. [77] reported the safe use of VAC in patients with BPF after covering the bronchus stump with an intrathoracic muscle flap. This accumulating evidence, though limited, suggests that VAC as an adjunct to the standard treatment can potentially alleviate the morbidity and decrease hospital stay in patients with empyema after lung resection.
Direct bronchopleural fistula repair
In contrast, Gharagozloo et al. [78] reported a 100% success rate for patients with PPE and BPF managed with direct repair and pleural space irrigation, followed by obliteration of the space with an antibiotic solution. The mean hospital stay was 12.9 days, and there was no recurrence of the empyema at the 1-year follow-up. The pedicled greater omentum or a pedicled diaphragmatic muscle flap can be used to buttress the bronchial stump.
Muscle interposition
Myoplasty has a dual role either in the direct closure of BPF or as a secondary process due to pleural space obliteration. Cases complicated by fistulae required complex individualized surgery [79] . This was reinforced in two further series, which demonstrated superior success rates with more radical approaches involving myoplasty and thoracoplasty [80, 81] . Vast majority of reports favour the use of extrathoracic muscle flaps to cover the fistula (latissimus dorsi or part of it, pectoralis major, serratus anterior, trapezius and the rhomboid muscles, depending on the location of the space to be obliterated).
There is general consensus that myoplasty should be performed in a clean environment, as in the presence of gross sepsis, a failure rate of 25% has been reported.
Accelerated regimen
In 2008, Schneiter reported a series of 75 patients managed with an accelerated regimen, of thoracotomy with radical debridement followed by packing with povidone-iodine dressings, repeated every second day. Any BPF was repaired with direct closure and/ or reinforcement with muscle flap/omental patch. The group reported an 86.7% success rate and a mortality rate of 1.3%. Patients returned to theatre an average of 3 times and the chest definitively closed in 94.6% within 8 days [74] .
Apart from the disadvantages of repeated surgical and general anaesthesia sessions, the authors report the following benefits: between debridements there are no painful dressing changes in the ward; (because the chest is closed and is water-and airtight) respiratory mechanics are not impaired; patients also remain mobile and profit from physiotherapy; the procedure greatly improves independent bodily hygiene and spares patients the burden of an open chest wound. In some cases, it might have been possible to achieve successful healing with fewer surgical interventions.
Summary
In summary, the management of PPE is greatly determined by the presence or absence of associated fistulae. In simple PPE with no associated fistulae, minimally invasive methods such as VATS debridement or pleural space irrigation via large bore tube thoracostomy or fenestration are associated with good success rates. Complex empyema spaces associated with fistulae require complex individualized surgical strategies, which are dependent upon individual patient characteristics and different local practice (Table 4) .
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